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Dayton, Ohio 45440-4696 
The Phase I Reliability Test was successfully conducted on the RFC/NDE 
Inspection System in November, 1985, at Systems Research Laboratories, Inc. 
The objective of the test was to ensure the RFC/NDE Inspection System's 
ability to reliably inspect the crack-critical geometric features on repre-
sentative F100 engine parts. Three types of EC reliability specimens 
(representing gas turbine engine disk geometries) were inspected: flat 
plates (web/bore surface); 0.316-inch diameter boltholes (with 45° chamfers 
on both sides of the specimen holes); and 0.177-inch di ameter rivet holes. 
Thirty specimens of each type were used, with each containing either a 
number of fatigue cracks at various orientations and locations, or no cracks 
at all, as illustrated in Figure 1. The specimens were fabricated to sat-
isfy the crack depth category requirements shown in Table 1. 
The specimens were mounted on special fixtures, with rivet hole and 
bolthole specimens mounted six at a time, and flat plates one at a time, as 
shown in Figure 2. The fixtures clamped to the EC station rotary table in 
SERIAL NUMBER 
Fig. 1. Reliability specimens: (A) flat plate; (B) bolthole; 
(C) rivet hole. Flaws were in the top and/or bottom of 
flat plates, and at any of the eight positions in the holes. 
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Category Depth (A) 
I (A) < 0.010-in. 
II 0.010-in. < (A) < 0.020-in. 
III 0.020-in. < (A) < 0.050-in. 
a manner similar to an engine disk being clamped. Prior to the test, SRL 
received six rivet hole specimens, six bolthole specimens, and three flat 
plate specimens, containing cracks of each category, with which to develop 
specimen scan plans. 
SCAN PLAN DEVELOPMENT 
Scan plans for the reliability specimens utilized the same inspection 
routines as used for engine parts. Some modifications evolved during devel-
opment of the specimen scan plans, including: 
1. Development of the Method 2 flaw detection technique. 
2. Implementation of back-and-forth scan motion for flat plates. 
3. Development of a consistent phase calibration for rotary probes. 
4. Use of two linear axes for centering accuracy. 
5. Modification of the clamping mechanism on the specimen fixtures. 
Method 2 Flaw Detection 
Unlike the Method 1 flaw detection technique which applied a threshold 
level across an entire waveform, Method 2 was designed to look for signal 
variations inside a time window and compare them to the threshold [1]. 
These variations include zero crossing, and the shape and amplitude of the 
signal. Since the probes utilize a double-ended differential coil, flaw 
signals usually contain at least one zero crossing. Also, flaw signals 
usually have a slope that can be calculated from the scan speed and coil 
size. In most cases, noise signals do not satisfy all of these conditions 
and are therefore not seen as flaws. For example, Method 2 can reliably 
detect a 0.003-inch deep fatigue crack in a rivet hole, with the threshold 
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(B) 
Fig. 2. Specimen fixtures for (A) flat plates, and (B) bolthole 
and rivet hole specimens 
set at 40 millivolts and a peak noise amplitude of 34 millivolts. Method 1 
and Method 2 techniques are compared in Table 2. 
Back-and-Forth Scan 
Development of the flat plate scan plans presented several challenges. 
While the engine disk scan plan incorporated a continuous rotation of the 
turntable to inspect flat surfaces, this type of mechanical scan could not 
be applied to the specimens for the several reasons: 
1. The dimensional variations between specimens and the fixture made 
the step-down movement very difficult, as shown in Figure 3. 
2. The probe springs were very easily damaged as the probe traveled 
over the specimen edge. 
3. The edges of the fixture slot and specimens gave strong geometry 
signals. 
4. The aluminum fixture, holding specimens of inconel, titanium, and 
waspaloy, presented material-related problems. 
5. The roughness of the aluminum fixture surface produced relatively 
large signals compared to those from the specimens. 
A back-and-forth scanning motion, shown in Figure 4, was developed to scan 
the specimens, instead of using a continuous rotation of the turntable. This 
motion consisted of a 15° rotation of the turntable, a reverse rotation back 
to the starting point, and an index move toward the center of the turntable; 
this sequence was repeated until the suspected flaw zone was covered. Al-
though the back-and-forth motion solved the five problems stated above, it 
had two side effects. First, the soft survey peak-detection routine could 
not be used with the back-and-forth motion, since soft survey depends upon 
a continuous rotation of the turntable. Second, the turntable could not 0 
reach a ~esired constant speed before it ramped down within the 15 scan 
range, resulting in an inferior scan condition for specimens compared to 
that for real engine disks. However, small flaws on the flat plates were 
still reliably detected. 
Consistent Phase Angle 
A consistent phase angle is very important in achieving reliable flaw 
detection. Phase calibration of rotary eddy current probes can be done in 
at least two ways, as described in Table 3. The first method requires the 
probe to center above a calibration bolthole, then move down into a flaw-
free area where the lift-off signal is adjusted to horizontal. The second 
method is to place the probe beside a calibration block at a certain lift-
off and, using the resultant strong lift-off signal as a reference, rotate 
the signal to the desired phase angle. This beside-the-block method is 
very repeatable and less sensitive to lift-off variations than the first 
method. However, the phase angle acquired beside the block usually differs 
from that acquired when the probe is inside a bolthole. This difference is 
easily determined, and compensated for, by comparing the two phase angles 
and inserting the appropriate constant value in the scan plan. Thus, the 
phase angle used for a bolthole inspection is the angle determined in the 
Item 
Flaw determination 
crft~ia 
Advantages 
Method 1 
Amplitude 
Method 2 
Amplitude, zero crossing, and 
waveform slope 
Tolerant to noise, can detect 
small flaws 
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Inside the Bolthole Beside the Block 
. 
--------------------------------------------------------------------------
1. Center above the hole 1. Position beside the block 
2. Move to flaw-free area 2. Make lift-off signal horizontal 
3. Make lift-off signal 
horizontal 
3. Rotate angle by certain degree 
beside-the-block method, offset by the predetermined constant. Although 
both phase methods are acceptable, the second method was chosen for its 
repeatability. 
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SCAN DIRECTION 
FLAT PLATE. SPECIMEN / 
.-'/ -· 
FIXTURE 
Fig. 3. Side view of the step-down movements for flat 
plate inspections. The probe moves from the 
fixture (position 1) down to the specimen 
(position 2) and back to the fixture via a 
ramp (position 3). 
FLAT PLATE SPECIMEN SCAN RANGE 
Fig. 4. Top view of the back-and-forth scan 
pattern on a flat plate specimen 
Accurate Centering 
Prior to inspecting a bolthole, a centering routine moves the probe to 
within 0.0010-inch of geometric center of the bolthole. Normally, the turn-
table and a linear axis are used for centering, but this method does not 
always give the desired accuracy due to the limited resolution of the turn-
table. The turntable resolution is 0.01°, and the corresponding arc length 
of this angle becomes larger as the radius increases, as shown in Figure 5. 
Since the center of the bolthole specimen is 7.85-inches from the center of 
0 
the turntable, the corresponding arc length for a 0.01 arc is 0.0013-inch, 
which is outside the given probe centering tolerance of 0.0010-inch. This 
problem was solved simply by using two linear axes for centering, since the 
linear axes have a resolution of 0.0001-inch. This technique not only re-
sulted in very good centering on the chamfered bolthole specimens, but also 
provided a solid foundation for reliably detecting small flaws in the chamfer 
region of the boltholes. 
Reliable Clamping 
Finally, the fixture was modified to provide a reliable clamp on the 
specimens. Originally, rubber stoppers were inserted into holes located at 
the corners of the specimens to hold the specimens in place. However, the 
pressure of the stopper against the side of the specimen tended to raise the 
specimen off the fixture, and the specimens often loosened and popped out 
during scans. To remedy this situation, an adjustable rubber-tipped spring-
loaded clamp was used to clamp the bolthole and rivet hole specimens, and 
side-drilled holes with thumb-screws were incorporated to hold the flat 
plate specimens in place, as shown in Figure 2. To keep the flat plate 
specimens from rising, the contact surface of the screw was rounded. 
FIXTURE 
/ / / / 
CENTER. OF 0 = 0.01 • 
THE TURNTABLE 
Fig. 5. Bolthole centering accuracy at 
various axial locations 
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TEST MATRIX 
System performance was assessed in terms of the five performance char-
acteristics outlined in Table 4. Based on those parameters, several types 
of tests were developed, as described in Table 5. The test matrix shown in 
Table 6 was devised to accomplish and track all the tests performed on the 
various specimens. 
1. 
2. 
3. 
4. 
5. 
Characteristic 
Capability 
Repeatability 
Table 4. Performance Characteristics 
Definition 
Basic flaw detection capability 
Multiple inspection effects 
Reproducibility Effects of changes (instrument, part loading) 
Effects of human parameters (operator) 
Composite effect of multiple inspections, 
instrumentation changes, human parameters 
Variability 
Reliability 
---------------------!~~!~-~:-~~!~~!!!!~-!~~!_!~E~~----------------------
Test 
Type 
A 
B 
c 
E 
F 
G 
H 
I/J 
Specimen 
Description 
Base Capability 
Five Repeats 
Probe Change 
Load Change 
Load Change 
Position Change 
Position Change 
Operator Changes 
Load 
Specimen 
Yes 
No 
No 
Yes 
Yes 
Yes 
Yes 
Yes 
Side 
(Top/bottom) 
Top 
Top 
Top 
Top 
Top 
Top 
Bottom 
Top 
Orientation 
(Degree) 
0 
0 
0 
0 
0 
180 
180 
0 
NOTE: Test Type D was planned third probe change but was 
not accomplished. Test Type H did not apply to 
the flat plate specimens. 
Test Type 
A B c E F G H I J 
--------------------------------------------------------------------------
Al to A6 AA BAl to BAS CA EA FA GA HA IA JA 
Bl to B6 AB BBl to BBS CB EB FB GB HB IB JB 
Cl to C6 AC BCl to BCS cc EC FC GC HC IC JC 
Dl to D6 AD BDl to BDS CD ED FD GD HD ID JD 
El to E6 AE BEl to BE5 CE EE FE GE HE IE JE 
NOTE: Only one specimen was used for flat plate 
Test Type H did not apply to flat plates. 
inspections. 
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RESULTS 
The test data indicated a 90-95% confidence level for detection of sur-
face flaws in the 0.005-inch to 0.010-inch range in the flat plate, bolthole, 
and rivet hole specimens • . An encouraging aspect of this was the strong cor-
relation between the apparent vs. actual flaw data. 
Figures 6 through 11 show the cumulative results of the tests on position 
change (Types G, H, and A), probe change (Types A and C) and repeated inspec-
tions (Type B). Of particular interest were the variability test results, 
which indicated the system is largely unaffected by operator changes, posi-
tion changes, and probe changes. 
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Fig. 6. Flat plate (web/bore surface) 
specimen - cumulative test 
types test results 
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Fig. 7. Bolthole specimen- cumulative 
test types results 
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BOLT HOLE "G", "H", & "A" 
. .. 
10 
CRACK SIZE (A) 
Fig. 8. Bolthole specimen - position 
change test data 
BOL THOLE "A" & "C" 
1000 
10 
CRACK SIZE (A) 
Fig. 9. Bolthole specimen - probe 
change test data 
CRACK SIZE (A) 
Fig. 10. Bolthole specimen ~ 5 repeated 
inspections test data 
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